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Current-voltage characteristics and switching current of Bloch transistors under radio-
frequency/microwave excitations were experimental studied, respectively revealing
pronounced summational superconducting phase diffusion and central-island charge
diffusion. The phase diffusion, which can be quantified by the zero-bias resistance,
was found minimal when two charge states in the transistor are degenerate. The
switching current, which also reflects the charge diffusion, was observed that becomes
minimal at the degeneracy beyond a threshold in ac driving power. The charge
diffusion was analyzed using an electric dipolar interaction between the photon
field and excess charge on the central island. C© 2013 Author(s). All article content,
except where otherwise noted, is licensed under a Creative Commons Attribution 3.0
Unported License. [http://dx.doi.org/10.1063/1.4819486]
I. INTRODUCTION
A Bloch transistor (BT) is two mesoscopic Josephson junctions separated by a small supercon-
ducting central island. It holds superconducting phase coherency, which is governed by the gauge
invariant superconducting phases of the two consisting junctions, φ1 and φ2. Because of the small
capacitance of the central island, a BT may exhibit robust single charge effect and a gate voltage
Vg can modulate the Cooper-pair transport.1 The two effects yield a symmetric BT the following
hamiltonian, HB = 4EC (n − ng)2 + E J cos(θ/2) cosφ, in which EC and EJ are charging energy and
Josephson energy of the central island of the transistor.2 As quantum conjugate quantities, n and
φ = (φ1 − φ2)/2 respectively denote the number of excess Cooper-pairs(CPs) and superconducting
phase on the island. Gate charge number ng = CgVg/2e represents the effect of Vg electrostatically
coupled via a gate capacitance Cg. θ = φ1 + φ2 denotes the summational (or total) phase difference
across the source and drain junctions. In general, the significance of phase coherency and charging
effect depends on the ratio EJ/EC3 and dissipation4–6.
The BT is of great interest since it exhibits phase-charge self-duality.7 One of the most interesting
consequences of duality is the case of the junction system irradiated by radio-frequency/microwave
(RF/MW).8 Phase coherent junction systems under ac driving have been studied by using current-
voltage (IV) characteristic measurement. These works conclude that when the ac frequency is high,
there would be phase mode-locking phenomenon yielding voltage steps,9 whereas at rather low
frequencies, there is enhanced phase diffusion.10 One the other hand, the current steps induced by
mode-locking and charge diffusion of an underdamped single junction can be expected.8 Such an
experiment can be carried out on a Josephson junction coupled to an electromagnetic environment
of extremely high impedance.11
For BTs, combined Josephson coherency and charging effects are more easily to observe. Indeed,
previous works successfully explained the observed voltage steps in IV curves using mode-locking
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of the summational phase θ .12, 13 On the other hand, in a charge-dominant junction systems, the ac
driving of a frequency of ω may result in a charge pumping behavior, I = qω/2pi . q is e for electron
while 2e for CP pumping.14, 15 However, IV measurements do not provide the information of central
island quantum state: CP number n and the differential phase φ, which should not be overlooked.
To observe the n, people have been applied different method such as charge detection by a single
electron transistor16–18 or monitoring the current through a dissipative probe.19 On the other hand,
to observed φ, one may consider the supercurrent, Is of the Bloch transistor from the phase-current
relationship:
Is = 2e!
〈
∂HB
∂θ
〉
= eE J
!
〈
cosφ sin
θ
2
〉
. (1)
Here 〈· · ·〉 denote the ensemble average. The switching current Isw is the maximal supercurrent
a BT can sustain before it switches from the zero-voltage state to the finite-voltage state and
becomes Isw = eEJ 〈cosφ〉/! when θ is treated as a classical variable. By noting that the operator
cosφ =∑n (|n + 1〉〈n| + |n − 1〉〈n|)/2, one can calculate the expectation value by solving the
ground state in the representation of charge basis, |n〉. For the transistor exhibiting phase dominant
behavior, one can experimentally observe a clearly switching current in the vicinity of zero bias
voltage modulated by the gate-voltage.20–22 In particular Isw as a function of gate charge exhibits the
so-called “Coulomb oscillation”.
In this paper, we present experimental results on the BT under RF/MW excitation. Especially we
focus on the Vg-dependent switching current, which give us information of the dynamics of n and φ.
The experimental results uncovered two significant forms of electromagnetic wave coupling based
on distinct RF/MW polarizations. For the central-island quantities, the device geometry prefers an
interaction between electromagnetic waves and the electric dipole produced by excess charges on the
island. Such a model predicts enhanced charge diffusion so as to bring in the inversion of Coulomb
oscillation.
II. EXPERIMENTAL METHODS
For our experiment, BTs were fabricated by electron-beam lithography and standard shadow
evaporation of aluminum on silicon substrates with a Si3N4 or SiO2 insulating layer. Al/AlOx/Al
tunnel junctions were formed using in-situ oxidation of deposited aluminum leads under
3 × 10−2 torr oxygen pressure for 3 minutes. Because of their small charging energies, the de-
vices were cooled in a dilution refrigerator to a base temperature of 30 mK for measurement. For
registration of their switching current Isw, the transistor was biased by a current source, which was
periodically ramped upward to cause a switching from the zero-voltage state to the finite voltage
state. The switching event was determined when the device voltage exceeded a threshold of about
50 µV. Once the switching occurred, the bias-current was logged using a sample-and-hold circuit,
and further digitized by a multi-meter. Two versions of experimental setup were used for introducing
the RF/MW excitation in our work: For BT-1 and BT-2, a current loop antenna, which generated
an ac magnetic dipole moment. BT-3 was imbedded in a LC resonator—as the setup of a RF single
electron transistor.23 The antenna setup allowed us a study for a broadband excitation, while the
resonator setup was strict to a small frequency range near the resonance. The excitation RF/MW
frequency ranged from 0.1 GHz to 20 GHz in our work.
III. EXPERIMENTAL RESULTS
A. Phase coherent and charging behaviors
As revealed by scanning electron microscopy images, Fig. 1(a), the Josephson junctions had
a typical junction area of about 100 nm × 100 nm, yielding a central island charging energy
EC = 80 µeV. According to previous works, the normal state resistance of the tunnel junction, RN,
strongly affects the Cooper-pair tunneling so as to control the quantum fluctuation of superconducting
phase in the transistors. Hence devices with different RN were selected for a comparison. Table I lists
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TABLE I. Important parameters of the Bloch transistors. (note that RN is for single junction.)
Device RN (k&) EJ (µeV) EC (µeV) 'sc (µeV) G0 (ng = 0)(µS) Isw (ng = 0)(nA)
BT-1 13.1 105 ∼80 210 2.8 0.05
BT-2 7.7 177 ∼80 210 165 1.58
BT-3 12 92 ∼80 170 8.2 0.42
ϕ1 ϕ2 n
ng
-1.0 -0.5 0.0 0.5 1.0-5
0
5
10
15
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FIG. 1. (a) The scanning electron micrograph of a Bloch transistor, whose central island is marked by the dotted box.
(b) The current-voltage characteristics of Bloch transistors under study. One can clear distinguish the coherent supercurrent
in the vicinity of zero bias voltage and Josephson-quasi-particle current peak at 0.5 mV. The transistor with a lower RN
exhibits a larger supercurrent. Inset shows the switching current of BT-1 of about 60 nA. Two ways a BT affected by the ac
driving: (c) The BT can be coupled to external ac field E via the summational phase difference θ = φ1 + φ2, giving a phase
diffusion behavior. (d) The BT can be coupled to external ac field via a electric dipole moment (edm) induced by excess CP
number n.
important parameters of 3 devices under study. For example, BT-1 has a (central island) Josephson
coupling energy of 105 µeV according to Ambegoakar-Baratoff relation, EJ = 'SC RQ/RN with
RN = 13.1 k&. Here the superconducting gap, 'SC of our thermal-evaporated aluminum was about
210 µeV (or 170 µeV for BT-3) while RQ = h/4e2 = 6.5 k&, is the quantum resistance for Cooper-
pairs. We note that the EC values are always over-estimated under robust charge fluctuation when
RN ∼ RQ. At the base temperature, the IV curve demonstrated robust coherent Cooper-pair tunneling
features, such as supercurrent and Josephson quasi-particle current inside the superconducting gap
(namely, when bias voltage Vb < 4'SC). Because of the hysteresis nature of the Josephson junctions,
by current-biasing the transistor and ramping upward the current, we could observe a switching from
the zero-voltage state to the finite voltage state at the switching current, Isw. In general, the higher
EJ value, the larger Isw and the smaller zero-bias conductance, G0.
As shown in Fig. 2(a), the histogram of Isw of BT-1 at various Vg exhibited an oscillatory
behavior—the Coulomb oscillation—in absence of microwave excitation (MW off). The average Isw
would follow the 〈cosφ〉 function calculated by using an EJ/EC value of 2 as marked by the solid
curves. Although higher than the value using the EC derived from a geometric junction capacitance,
this EJ/EC value remains reasonable because of the quantum fluctuations in low resistance junctions.
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FIG. 2. Family of the intensity plots for switching current histogram for BT-1 under the 18 GHz MW driving at various
driving powers. Each histogram contains 200 repeating Isw measurement results. When ac driving is absent (a)(h), the
switching current will be maximal at ng is half-integers. The “width” of switching current distribution allow us to identify
the drift of offset charge. The red arrows indicate the gate voltages corresponding to a minimal fluctuation in Isw. When the
MW power exceeds −36 dBm, the switching current becomes minimal at Vg of minimal Isw fluctuation, yielding an inverted
Coulomb oscillation.
We note that the fluctuation of Isw (or the width of distribution) was minimal when Isw was maximal.
This may be due to thermal effect or remaining high-frequency noise from the electromagnetic
environment. Because the Vg tunes the energy degeneracy of two lowest charge states, the fluctuation
is also periodic in Vg.
Fig. 2(b)–2(g) show the histogram of Isw when the devices driven by 18 GHz MW at elevated
MW powers, Pac. It is worthy to note that such a high frequency driving only affect Isw but not
the zero-bias conductance, G0. A lower frequency RF would reduce G0, turning the IV curve into a
blockade structure at a certain power level. In this case, the measurement of Isw became ambiguous.
We will come back to this point later. By identifying the Vg value (as marked by red arrows)
corresponding to the minimal Isw fluctuation, we obtained two major findings: (1) the microwave
introduced an effective (dc) gate charge offset. (2) the Coulomb oscillation of Isw got inverted at
Pac = −34 dBm if the drift of charge offset was casted aside. The microwave-induced charge offset
was history-dependent, as one can be compare in Fig. 2(a) and Fig. 2(h), which shows the Coulomb
oscillation after the microwave was turned off (MW off). Being intriguing and unexpected, the
inversion of Coulomb oscillation deserved a carefully analysis.
B. Phase diffusion due to ac driving
Here we will focus on the case that the RF/MW frequency ω is low, namely !ω < kB T & !ωp.
The BTs under the driving of higher frequency produces clear Shapiro steps in the IV curves and
have been reported earlier.13 In the low frequency regime, we can neglect the photon absorption
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FIG. 3. (a) The current-voltage characteristic in the vicinity of zero bias voltage when BT-1 is excited by 1.6 GHz RF at
elevated RF powers (5 dBm per step). The gate charge ng = 0.5. As the power increases, the transistor evolves from a
superconductor-like to a blockaded IV. (b) The experimental (red) and calculated (black) IV characteristic excited by 1.6 GHz
at Pac= −65 dBm and −55 dBm. The calculation is a fit to Eq. (2) based on the coupling model shown in Fig. 1(c). At Pac
= −55 dBm, the calculated result slightly deviates from the experimental one because the model predicts a smaller Isw. (c)
The experimental and calculated IV curves for BT-2 under 0.94 GHz RF excitation. The phase diffusion model agrees better
because the robust phase coherency in BT-2. (d) The fitting parameter Vac for BT-1 (') and BT-2 (!), and the switching
voltage Vsw for BT-1 (") and BT-2 (#). Both Vac and Vsw show a linear dependence of RF amplitude. Here the RF amplitude
for BT-2 data is scaled by a factor of 10.
process and treat the excitation as an ac driving force for the summational phase θ to yield ˙φ1
' ˙φ2 = ˙θ/2= eVac/!. Vac represents the effective ac voltage across the transistor and is proportional
to
√
Pac. Such model as depicted in Fig. 1(c) schematically, has been considered before.10, 24 By
calculating the phase correlation function, 〈eiθ(t)e−iθ(0)〉 due to phase diffusion by ac excitation, one
obtains the spectral function
P (E) =
∞∑
n=−∞
J 2n
(
2eVac
!ω
)
P0 (E − n!ω).
Here P0 is the spectral function in absence of RF/MW. The spectral function gives an incoherent
Cooper-pair tunneling that
I (Vb) =
∞∑
n=−∞
J 2n
(
2eVac
!ω
)
I 0
(
Vb − n!ω2e
)
= 1
2pi
∫ 2pi
0
I 0 (Vb + Vac cos u) du, (2)
in which Vb is the dc voltage across the transistor and I0 (Vb) is the device current as a function of
Vb in absence of ac excitation.
Fig. 3(a) illustrates a family of IV characteristics of BT-1 under 1.6 GHz RF driving at various
power at ng = 0.5, a condition for minimal phase fluctuation. The zero-bias resistance gradually gets
larger and larger, and the IV curve evolves into a blockade-like curve. Although under such a strong
RF excitation, the phase coherency could sustain and the transistor exhibited switching at a finite dc
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FIG. 4. (a) The zero-bias conductance, G0 as a function of RF amplitude, which has been converted to Vac as described in
text. The symbols mark the experimental data while the curves are predictions of phase diffusion model. The RF frequencies
used were 2.14 GHz, 1.6 GHz and 0.227 GHz for BT-1, 2 and 3 respectively. Because of a larger influence in a resonant
circuit, Vac for BT-3 is scaled by a factor of 3. (b) Intensity plot of zero-bias conductance G0 of BT-1 as a function of Vg and
Pac of 2.14 GHz excitation. (c) Intensity plot of switching current, Isw of BT-1. On the contrary, the Coulomb oscillation for
Isw becomes inverted when Pac > −55 dBm. We note that the drift of gate charge has been removed in the above plots.
voltage. By gradually elevating the RF power, we observed that the onset voltage of the switching,
Vsw and switching current both got higher and higher. In particular, Vsw increases linearly with RF
amplitude as depicted in Fig. 3(d). In Fig. 3(b), one can see that at a low power, Eq. (2) explains
the experiment data fairly well, but at a high power, the theory have a larger deviation, especially
the switching current was under-estimated. For BT-2, which having robust phase coherency, the
model better depicts the IV curves with RF excitation. The fitting parameter Vac in Fig. 3(b) and 3(c)
followed a linear dependence with the RF amplitude,
√
Pac, indicating the phase diffusion model
for θ is applicable to our BTs. Fig. 4(a) shows a summary of 3 BTs that how G0 decays with RF
amplitude, which is converted to Vac by using the slope of Vac (or Vsw) vs.
√
Pac curves as shown
in Fig. 3(d). Because the large EJ/EC values of BT-2 and BT-3, they did not show much difference
when varying ng. The data agree well with the curves calculated by using the phase diffusion model;
though some deviations occur in BT-1, which displays stronger charging effect.
To understand how the charging effect influences the phase diffusion, we study the zero-bias
conductance G0 and switching current Isw when varying ng. As mentioned before, G0 and Isw
respectively relate to the diffusion on phase θ and φ. The Coulomb oscillation in Isw shown in
Fig. 4(c) clearly gets inverted, while that of G0 (Fig. 4(b)) does not. The above findings infer that the
charge degree of freedom should be considered as a correction to Eq. (2), which based on a constant
switching current as RF power increases. A successful correction should explain the inversion of
Coulomb oscillation in Isw so a model describing ac driving of central-island variable φ (or n)
becomes the focal point.
IV. DISCUSSIONS ON RESULTS
A. Charge coupling model: two-level approximation
To work out this, we start from a much simple case, modeling the transistor as a spin system
with two states, |0〉 and |1〉. This is plausible near the energy degenerate point for charge states
ng ' 0.5. By noting that ε = 2EC (1− 2ng), ' = EJ cos(θ/2)/2 ' E J/.2 and the Pauli operators
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σz = |0〉〈0|− |1〉〈1| and σx = |0〉〈1| + |1〉〈0|, we may re-write the transistor hamiltonian,
HS = εσz +'σx .
The eigenstates are |+〉 = cos α2 |0〉+ sin α2 |1〉 and |−〉 = − sin α2 |0〉+ cos α2 |1〉, respectively
corresponding to eigen energies of λ = √ε2 +'2 and −√ε2 +'2 with azimuthal angle
α = tan−1('/ε).
There are two possible ways to introduce the ac-driving: σ z and σ x-coupling. As illustrate
schematically in Fig. 4(c) and 1(d), because of the linear shape of our BTs, the ac voltages across the
two consisting junctions are likely in phase so as to cancel out the direct influence on φ. Therefore the
ac driving is more likely coupled to the BT through its quantum conjugate variable, n. We also note
that if considering the electric dipole interaction due to excess charges on the island, one would prefer
the σ z-coupling as proposed in Jaynes and Cummings hamiltonian.25 Assuming a time-dependent
perturbation, V = γ (t)σz = 4ηEC cosωt and noting the wave function in interaction picture as |ψ〉,
one may write down the differential equations for coefficients c± = 〈±|ψ〉,
i! d
dt
(
c+
c−
)
=
( 〈+| V |+〉 e−i2λt/! 〈+| V |−〉
ei2λt/! 〈−| V |+〉 〈−| V |−〉
)(
c+
c−
)
= γ (t)
(
cosα −ei2λt/! sinα
−e−i2λt/! sinα − cosα
)(
c+
c−
)
.
The solutions to above equations do not have close forms if γ (t) is a sinusoidal function. Never-
theless, we can find approximation results if considering γ (t) as a slow-varying function in respect
to the dynamical phase factor ei2λt/!. Using a similar approach for solving Rabi oscillation and
discarding time derivative of γ (t), one has
d2c0
dt2
+ i2λ
!
dc0
dt
+ γ
!
(
γ
!
+ 2λ
!
cosα
)
c0 = 0
d2c1
dt2
− i2λ
!
dc1
dt
+ γ
!
(
γ
!
+ 2λ
!
cosα
)
c1 = 0.
In intermediate time scale, !λ−1 & t & ω−1, γ (t) can be viewed as a constant of time so as to yield
the solution of c0 = Aei&0,+t + Bei&0,−t and c1 = Cei&1,+t + Dei&1,−t . Here the characteristic fre-
quencies obey !&0,± = −λ∓
√
λ2 + γ (γ + 2λ cosα) and !&1,± = λ±
√
λ2 + γ (γ + 2λ cosα).
If the driving is small γ & 2λ and far from resonance !ω & 2λ, the state would be mainly in
ground state, allowing one to arbitrary choose an initial state c0(0) ' 1 and c1(0) ' 0. The solution
becomes c1(t) ' −γ (t) sinα(ei&1,0t − ei&1,1t )/2λ, giving a probability in the excited state
P1 (t) = |c1 (t)|2 ' γ
2 (t) sin2 α
2λ2
[
1− cos (&1,+ −&1,−) t] ' γ 2 (t) sin2 α2λ2
(
1− cos 2λt
!
)
.
(3)
When t increases to t ' ω−1, the above approximation is broken down. Nevertheless, the
decoherence time, t2 and relaxation time, t1 of the system set natural cutoffs for the validity of
Eq. (3), making the dynamics Markovian when t > t1, t2. Namely, c0 and c1 are likely be “reset”
under decoherence and relation processes, an assumption similar to the Drude model for electron
conduction. We expect t1 and t2 would not exceed the inverse of driving frequency t = ω−1. When
seeking a long time average of the excited state probability, we first average fast oscillations, namely
the cos(2λt/!) term to get 〈P1〉fast ' γ 2(t) sin2 α/2λ2, followed by averaging the slow varying part
in γ (t) to obtain 〈P1〉slow ' 〈γ 2(t)〉 sin2 α/2λ2. By putting all parameters using EC and EJ, one gets
〈cosφ〉 = 〈σz〉 = (〈P0〉 − 〈P1〉) sinα =
(
1− 8η2 sin4 α E
2
C
E2J
)
sinα. (4)
Fig. 5(a) shows the calculated results of various driving amplitude η. One can clear see an inversion
of Coulomb oscillation when 2
√
2ηEC/EJ ' 1.
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FIG. 5. (a) Calculated 〈sinα〉 by using 2-level approximation. (b) The calculation result of 〈cosφ〉as a function of ng using
Bloch wave calculation. Both results show the inversion of Coulomb oscillation at sufficient large driving amplitude around
η = 0.3. (c) Average CP number 〈n〉 and (d) CP number fluctuation δn2 = 〈n2〉 − 〈n〉2as a function of ng at various η values.
Up to η = 0.4, the charge diffusion is weak, and is majorly increases the CP number fluctuation at ng is integers.
At η = 0.5, the charge diffusion is pronounced to convert 〈n〉 vs. ng curve a step-like curve into a straight line and the
CP number fluctuation becomes a constant of ng.
B. Charge diffusion: Floquet analysis of charge states
The spin system is an approximation, so we want to restore the hamiltonian introduced in the
beginning with a perturbation reflecting the σ z-coupling mentioned in the last section,
H = 4EC (n − ng)2 + E J cosφ + 4ηEC (n − ng) cosωt. (5)
One can interpret the perturbation as an effective ac gate charge introduced by electromagnetic
excitations, generating a general force 4ηEC cosωt on CP number, n-ng. The solutions should obey
Floquet’s theorem that 0(t) = e−iεt/!∑n cn(t)|n〉, where cn(t) are periodic function of t that can be
expanded by Fourier series, cn(t) =∑m cn,me−imωt . Therefore each coefficient cn,m would follow
eigen-equations:[
4EC
(
n−ng
)2−m!ω] cn,m+ E J2 (cn−1,m+cn+1,m)+4ηEC (n − ng) (cn,m+1+cn,m−1) = εcn,m .
By truncating high energy charge states (large |n − ng|) and high frequency components (large |m|),
one can solve this eigenvalue problem, and found corresponding eigenfunctions.
The ac driving produced band-like energy spectrum, which can be labeled by quantum numbers
s and r, in which s denotes the band index, corresponding to the eigenstates of the un-excited problem
while r is related to the average order m in Fourier series. Each pure state has an average energy
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E ' ε + 〈s, r |m|s, r〉!ω. We may calculate the following expectation value for each pure state,
〈s, r | cosφ |s, r〉 =
∑
n,m
c∗n,mcn+1,m +
∑
n,m
c∗n,mcn−1,m .
We propose that experimentally the stationary state is not a pure state, but a mixing state in the space
spanned by the low energy states in a low energy window E − Emin ≤ kB T , in which Emin denotes
the lowest average energy of the pure states. The ensemble average can be determined by a density
matrix ρ, 〈cosφ〉 = tr(ρ cosφ). With an assumption of random phase approximation and thermal
equilibrium distribution, one can discard off-diagonal elements in ρ and assign Boltzmann factors
in diagonal elements to obtain,
〈cosφ〉 =
∑
r,s
e−(E−Emin)/kB T 〈s, r | cosφ |s, r〉∑
r,s
e−(E−Emin)/kB T
. (6)
In Fig. 5(b) we present the calculated result with EJ = 2EC, !ω = 0.1EC , kB T = 0.1EC for various
η values from 0 to 0.5. Again we obtained an inversion of Coulomb oscillation.
We also calculated average CP number 〈n〉 and charge fluctuation δn2 = 〈n2〉 − 〈n〉2 as illus-
trated in Fig. 5(c) and 5(d). At a low η values, the charge number as a function of ng shows a step-like
curve but the step structure gradually gets smoothed out as the η value increases. Especially when
η is 0.5, the curve evolves into a straight line, featuring a complete smeared off of single charge
property by strong charge diffusion. Correspondingly, the charge fluctuation is maximal at ng = 0.5
at a low η value, but becomes almost flat when η = 0.5. Similar to the summational phase-diffusion
model, the charge diffusion can be intuitively predicted from the phase-charge duality in the BTs.
The charge diffusion model leads to more interesting consequences worthy of future studying.
First, one can directly probe n by using a charge sensor to confirm the enhanced charge diffusion.
Second, the coupling depends on the polarization of the excitation electromagnetic wave. By chang-
ing the polarization of the wave, one should tune the system from phase diffusion to charge diffusion.
Because of the interplay of θ and n in a BT, we expect that certain interesting phenomena arise if
one separately tunes the ac driving of θ and n
.
For example, it may lead to the highly accurate charge
pumping as reported in Ref. 15. We leave these topics for future studies.
V. CONCLUSIONS
In summary, we have experimentally measured the dc response of Bloch transistors under
RF/MW excitations. Through the current-voltage characteristics, we observed pronounced super-
conducting phase diffusion. The phase diffusion, which can be quantified by the zero-bias resistance,
G0−1 increases as RF/MW power increases. On the other hand, RF/MW-induced charge diffusion
can be deduced from the switching current as a function of gate voltage. The charge diffusion can
be analyzed using an electric dipolar interaction between the photon field and excess charge on
the central island. A duality in phase and charge can be applied to understand the charge diffusion
phenomenon.
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